Background
==========

Systemically administered steroids increase insulin resistance \[[@b1-amjcaserep-18-1198]\] along with impaired insulin excretion \[[@b2-amjcaserep-18-1198]\], and thus are well known for causing impaired glucose tolerance as well as attenuated control of blood glucose level in type 2 diabetes mellitus. In contrast, topical administration of strong steroids, at even high doses, are thought to rarely effect blood glucose level or cause side effects found in systemic administration of steroids \[[@b3-amjcaserep-18-1198]\]. Here, we report a case of severe plaque psoriasis of a diabetic patient treated by topical steroids resulting in difficult control of blood glucose level. With more severe psoriatic skin lesions, stronger and higher dose topical steroids are needed, which could result in increased absorption of the steroids with side effects comparable to systemically administered steroids. In this study, we proposed that intense monitoring of blood glucose levels should be performed during the initial period of topical steroid administration in diabetic cases with severe psoriasis.

Case Report
===========

An 80-year-old man was admitted to the dermatology department in our hospital for itchy systemic erythema. He received daily oral administration of two tablets of betamethasone dchlorophenylamine maleic acid (0.5 mg betamethasone per tablet) from a nearby dermatologist with no improvement of his erythema. He was treated for type 2 diabetes mellitus starting at 64 years of age and his mother and two brothers were also diabetic. Recently, he was treated with lispro-insulin at 42 units per day and voglibose at 0.9 mg per day, but his hemoglobin (Hb)A1c was poorly controlled (8--9%). Insulin excretion was normal with blood C-peptide level of 1.98 mg/dL (C-peptide index 0.98) when fasting blood glucose level was 202 mg/dL. The skin lesions ([Figure 1A--1C](#f1-amjcaserep-18-1198){ref-type="fig"}) showed erythema accumulated in a cobble-stone manner with psoriatic lesions from abdomen to extremities covering 80% of his body. Many scratches due to itchiness were also observed. Purpura was also seen on his extremities. There was no systemic inflammation. The oral steroid treatment was switched to 10 g/day of an "upper mid-strength, class 3" topical steroid, mometasone furoate \[[@b4-amjcaserep-18-1198]\], combined with psoralen-ultraviolet A therapy (PUVA) on the psoriatic lesions. The patient's blood glucose level was poorly controlled and it was necessary to increase his insulin administration to a final level of 36 units of neutral protamine hagedorn (NPH) and 38 units of lispro-insulin per day. We checked the systematic effect of the topical steroid by evaluating the patient's adrenocortical function. His early morning ACTH level was less than 2.0 pg/mL with blood cortisol level less than 1.0 μg/dL, which showed secondary central suppression of adrenocortical function by the exogenous topical steroids. The skin lesions and blood glucose control improved and the patient was discharged from the hospital with follow-up as an outpatient. However, on the second day after discharge, he found painful erosions and pus lavers on his extremities and buttocks ([Figure 2A, 2B](#f2-amjcaserep-18-1198){ref-type="fig"}). Antibiotic treatment by oral and skin administration route did not improve the lesions and thus he was readmitted to the hospital on the seventh day after discharge. His inflammation marker CRP was 7.85 mg/dL, and the skin biopsy ([Figure 2C, 2D](#f2-amjcaserep-18-1198){ref-type="fig"}) of the pus lavers were diagnosed as impetigo. Methicillin-sensitive Staphylococcus aureus was identified from the pus, and the skin lesions were diagnosed as staphylococcus scalded skin syndrome. After he was discharged from the hospital, he stopped using the topical steroid on his own decision. On his second admission, his HbA1c was 7.6% and fasting blood glucose level was 130 mg/dL with lower doses of lispro-insulin than first admission, despite his infection. He experienced hypoglycemia and thus insulin administration needed to be further lowered. To our surprise, re-administration of topical steroids did not affect the blood glucose level, and the psoriatic skin lesions were improved. Since the skin lesions were improved, the topical steroid was substituted with mid-strength, class 4, beclomethasone dipropionate. Topical steroid treatment was continued, and skin lesions of redness and erosion almost completely improved ([Figure 2E](#f2-amjcaserep-18-1198){ref-type="fig"}), and discharged from the hospital. The amount of insulin per day increased from 38 to 74 units during the first period of hospitalization, and lowered to 32 units at the day of discharge during the second period of hospitalization ([Figure 3](#f3-amjcaserep-18-1198){ref-type="fig"}). The total amount of topical steroids until the second time he left the hospital was upper mid-strength, class 3: total 245 g (mometasone furoate), mid-strength, class 4: total 115 g (beclomethasone dipropionate), and lower mid-strength, class 5: total 15 g (hydrocortisone butyrate).

Discussion
==========

Psoriasis is a chronic inflammatory skin disease found in 2--3% of the population in western countries \[[@b5-amjcaserep-18-1198]\], but around 0.1% in Japan with a tendency for males. The red scalp-like erythema can occur in local regions or occur systemically, and is known for the inflammation it causes; it has also been associated with increasing the rate of diabetes as well as evoking diabetic complications \[[@b6-amjcaserep-18-1198]\]. Psoriasis is frequently encountered in clinic settings when treating patients with diabetes and is often requires long-term treatment with topical steroids \[[@b7-amjcaserep-18-1198]\]. Topical steroids are known to be effective for treating psoriasis; its application to skin lesions that are less than 10% of the whole skin area, is up to 30 g per week, with re-evaluation of the treatment every four weeks, has been suggested to prevent desultory treatment \[[@b8-amjcaserep-18-1198]\]. Topical steroids are categorized by their strength of effectiveness: super potent (class 1); potent (class 2); upper mid-strength (class 3); mid-strength (class 4); low mid-strength (class 5); mild (class 6); and least potent (class 7) \[[@b9-amjcaserep-18-1198]\]. Different absorption efficacies of topical steroids between skin regions must also be considered during treatment \[[@b10-amjcaserep-18-1198]\]. While steroids are very effective, they also have associated risks of local side effects, such as irreversible striae cutis. Skin atrophy is the most frequent and important of these side effects \[[@b11-amjcaserep-18-1198]\]. The strength and amount of topical steroid is also related to systemic side effects. The amount of topical steroid that may trigger suppression of adrenocortical function (shown as equivalent to betamethasone amount) is as follows: 10 g of 0.05% clobetasol propionate (class 1) is equivalent to 0.5 mg of betamethasone; and 40 g of it is equivalent to 1 mg of betamethasone \[[@b12-amjcaserep-18-1198]\]. It is known that 2 g per day of this cream can decrease morning cortisol level in a few days \[[@b13-amjcaserep-18-1198],[@b14-amjcaserep-18-1198]\]. Thus, it has been suggested that less than 50 g per week of potent steroids should be used to prevent these systemic adverse effects \[[@b15-amjcaserep-18-1198]\]. However, many cases show a transient suppression of adrenocortical function at the start of topical steroid treatment and rarely show clinical problems \[[@b7-amjcaserep-18-1198]\]. Thus, the systemic adverse effects of topical steroids need more study, especially for patients receiving insulin therapy. For the case reported here, we used a two-rank lower topical steroid for the face, and 10 g per day of an "upper mid-strength, class 3" topical steroid. This cleared the alert level of "strength and amount" of topical steroid usage, but induced suppression of adrenocortical function and exacerbation of blood glucose level. This was interesting. Despite, 10 g of 0.05% clobetasol propionate being the equivalent to 0.5 mg of betamethasone \[[@b12-amjcaserep-18-1198]\], the systemic adverse effect of steroid exacerbated upon switching from oral betamethasone at 0.5 mg per day to 0.05% clobetasol propionate at 10 g per day. We speculated that the barrier function of the skin was destroyed by psoriasis and peeled off by scratching due to the itchiness, leading to higher absorption rate of the topical steroid. Generally, though there are differences between regions of the skin in abortion, simple applications to the skin have uptakes of 3%--5% of steroids, with a peak in blood cortisol concentration at 12--24 hours after administration. This peak slowly declines after five additional days \[[@b10-amjcaserep-18-1198]\]. However, if the skin is peeled off its stratum corneum, it is known that a tremendous rate (78--90%) of steroid uptake peeks at 4--6 hours after administration \[[@b12-amjcaserep-18-1198]\]. The skin barrier function at psoriatic lesions in our patient's case was possibly abrogated, inducing an increase in topical steroid absorption, evoking higher blood cortisol concentration from external steroid administration to a wider portion of the skin, resulting in exacerbated blood glucose levels as well as suppressed adrenocortical function. This was confirmed when the amount of topical steroid was lowered due to impetigo. Improvement of the skin surface by topical steroid can restore skin barrier function as well as lower the absorption rate of the topical steroid. In most cases, the suppression of adrenocortical function is restored after the effect of the topical steroid has been attenuated \[[@b7-amjcaserep-18-1198],[@b15-amjcaserep-18-1198]\]. The case presented here showed rapid improvement of blood glucose control after the skin surface was improved by topical steroid on readmission to our hospital, despite the presence of infection. In such situations, one must be careful that adrenocortical function is transiently suppressed; that improvement of inflammation improves insulin resistance; that improvement of blood glucose to normal levels relieves glucose toxicity, and necessary insulin doses are rapidly reduced with increased risks of hypoglycemia and for prolonged hypoglycemia. The rapid change in psoriatic skin condition by topical steroid treatment changes steroid uptake dramatically, and thus, delicate handling is required in severe cases of psoriasis.

Conclusions
===========

We report here a case of psoriasis where blood glucose control was exacerbated when switching steroid treatment from oral treatment to topical treatment. Topical steroids are thought to have less systemic adverse effects than oral steroids, but it must be fully recognized that each treatment type has different strengths with different absorption rates depending on the region of the skin where it is administered; the amount and range of the administered area; and the condition of the skin surface. Unlike oral steroids where absorption rates do not change, topical steroids have differential absorption rates during different phases of skin disease where the skin condition changes dramatically with concurrent dramatic changes in blood glucose levels. Thus, topical steroids need delicate handling depending on the penetration of psoriasis (condition of the skin surface) and existence of impaired control of blood glucose levels.
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![Skin lesions at first admission. (**A**) Back. (**B**) Left side of the chest. (**C**) Appearance of the right knee. Cobblestone-like fused erythematous macules with scales were found on the trunk and extremities. Moreover, scattered purple spots were also seen on the extremities. (**D**, **E**) Biopsy specimens from sites of skin rash on the trunk: (**D**) low-power field, (**E**) high-power field. The stratified squamous epithelial cell layer showed mild parakeratosis and enlarged epidermal projection. The liquefaction degeneration of the epithelial basal cells was very mild, and the upper dermis showed edema and infiltration of lymphocytes and neutrophils around the dilated capillaries. The erythematous macules had nonspecific findings, with no obvious atypical cells.](amjcaserep-18-1198-g001){#f1-amjcaserep-18-1198}

![Skin lesions at the time of readmission and at second discharge. (**A**) Left forearm. (**B**) Left foot. Scattered erosive lesions and pus were observed on the extremities and buttocks. (**C, D**) Biopsy specimens from the erosive erythematous macules with pustule crusts on the extremities were compatible with impetigo: (**C**) low-power field, (**D**) high-power field. Cystic lesions were noted between the stratified squamous intraepithelial and subepithelial layers. The surface of the cyst showed collapse and necrosis, and fibrin formation and neutrophil infiltration were observed in the cyst. Moreover, spongiosis was seen in the surrounding stratified squamous epithelial cell layer. No club-like enlargement of the epidermal projection was seen but dilated capillaries were present in the upper layer of the dermis, which may indicate pustular psoriasis. (**E**) Back. An obvious improvement of the redness and erosion was observed.](amjcaserep-18-1198-g002){#f2-amjcaserep-18-1198}

![Clinical course. Upon switching from oral steroid treatment to external-use steroid preparation, blood glucose control worsened and the required insulin dose increased. The required insulin dose decreased with the improvement of inflammatory changes in the skin. Eventually, the patient continued the external steroid therapy but with the same insulin dose as before the start of treatment, which led to improved blood glucose control. Open circles indicate fasting blood glucose level in the morning, if available. Gray columns indicate standard deviations of the fasting blood glucose level before breakfast, before lunch, before dinner and at 21 o'clock with averages of them as a horizontal bar.](amjcaserep-18-1198-g003){#f3-amjcaserep-18-1198}
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